While subplate neurons are lost in the development of the cerebral cortex of other mammalian species that have so far been investigated, in rodents the subplate (alternately termed layer Vlb or VII) persists to adulthood, at least in part. We traced the developmental course of the subplate in the golden hamster, using two methods. We first used tritiated thymidine labeling to trace relative changes in the numbers of identified cohorts of cells in the subplate, layer VI, and the LGN. We also estimated the total number of cells in the subplate versus layer VI of the cortex from early in development to adulthood. These methods showed a high rate of cell loss in the subplate, between 50% and 80%, but with the clear retention of a substantial fraction of this early-generated population as a recognizable layer in adulthood. Species variations in the timing of cortical neurogenesis and the relative amount of cell loss in the subplate can be used to better describe the developmental function of this region.
During development of the mammalian cerebral cortex, the first layer of neurons formed is the primordial plexiform layer or the preplate (Marin-Padilla, 1971 , 1978 , 1983 Marin-Padilla and Marin-Padilla, 1982) . This layer is then split apart by the incoming cortical plate neurons to form two layers, namely, layer I and the bottommost layer, which has been called variously layer Vlb (Konig et al., 1975; Marin-Padilla, 1978) , layer VII (Marin-Padilla, 1978; Reep and Goodwin, 1988) , or the subplate (Kostovic and Molliver r 1974; Kostovic and Rakic, 1980; Luskin and Shatz, 1985a,b) . Synapses are found in this deepest layer during very early cortical development when cortical plate neurons are still being generated (Molliver and Van der Loos, 1970; Cragg, 1972; Molliver et al., 1973; Kostovic and Molliver, 1974; Konig et al., 1975; Valverde and Facal-Valverde, 1988; Friauf et al., 1990) .
Subplate cells have been hypothesized to serve transitory developmental functions since studies in the cat, monkey, and human have shown that most of the subplate neurons disappear after early development through cell death (Kostovic and Rakic, 1980, 1990; Luskin and Shatz, 1985a,b; Valverde and FacalValverde, 1987; Chun and Shatz, 1988a,b; Shatz et al., 1988; Naegele et al., 1991) . However, a certain number of neurons persist and become interstitial neurons in the white matter Valverde and Facal-Valverde, 1988; Chun and Shatz, 1989; Kostovic and Rakic, 1990) . It is known that thalamocortical axons (Rakic, 1976 (Rakic, , 1977 (Rakic, , 1982 (Rakic, , 1988 Shatz and Luskin, 1986; Chun et al., 1987; Chun and Shatz, 1988a,b; Shatz et al., 1988) and callosal axons (Wise and Jones, 1976; Goldman-Rakic, 1982) "wait" in the subplate zone in these animals (thus called the "waiting compartment") for a variable period of time before invading the cortical plate. Some cholinergic neurons in the basal forebrain (Kostovic, 1986) and monoaminergic neurons in the brainstem (Molliver and Kristt, 1975; Lidov et al., 1978) also make transient afferent projections to the subplate. Subplate neurons also send out axons quite early and could thus pioneer the development of corticofugal projections from layer VI or guide the growth of thalamocortical axons, as first hypothesized by McConnell et al. (1989) . They are also important for target recognition by thalamocortical axons (Ghosh et al., 1990) .
Comparative information on the developmental role of the subplate could well shed light on these Cerebral Cortex Sep/Oct 1991;l:433-443; 1047-3211/91/14.00 hypotheses, in two ways. First, variations in subplate organization and survival across species could indicate which features of the subplate are necessary and sufficient for cortical development. Second, the compressed timing of rodent corticogenesis compared to cats and primates can be used to confirm or disprove hypotheses that depend on developmental timing, particularly the idea of the waiting compartment. It is, of course, quite possible that the subplate has multiple or changing functions.
Historical and comparative use of the nomenclature for layers VI and VII and the subplate have been confusing, which we will review here briefly. In the early descriptions of cortical lamination, layer VI was divided into two layers, layer Via (the outer layer) and VIb (the inner layer), according to differential neuronal morphology and packing density (Sugita, 1917; O'Leary, 1941; Krieg, 1946; Billings-Gagliardi et al., 1974) . Species differences were not a concern of these authors. Generally speaking, in the adult cat or primate, layer VIb has been described as a layer of fusiform or horizontal neurons with relatively low cell density, gradually merging with the underlying white matter. It is not the first-generated set of neurons. In the adult rodent, layer VIb/VII/subplate is distinct architectonically, standing out very clearly in Nissl sections at low magnification (Ramon y Cajal, 1911; Krieg, 1946; Parnavelas et al., 1977; Feldman and Peters, 1978; Peters and Proskauer, 1980; Peters, 1985; Ferrer et al., 1986; for review, see Tombol, 1984) . Neurons of this layer are found in irregular or parallel arrangements with a variety of morphologies (Valverde et al., 1989) . This collection of neurons, unlike the cat and monkey, is composed of the first-generated cortical neurons, and at no time in rodents is there an extensive collection of cells in the subcortical white matter. The subplate or layer VIb at every age is a clearly defined lamina under the cortical plate. This is known from a number of previous autoradiographic studies in the rodent (first-generated cells called VIb: Hicks and D'Amato, 1968; Rickmann et al., 1977; Raedler and Raedler, 1978; Raedler et al., 1980; Crossland and Uchwat, 1982; Valverde et al., 1989; called VII: Reep and Goodwin, 1988; called subplate: Al-Ghoul and Miller, 1989; Bayer and Altman, 1990 ). Cell death is also prominent in the subplate in the developing rat cortex, but the entire layer is not removed by cell death (Al-Ghoul and Miller, 1989; Ferrer et al., 1990) . To summarize, in terms of relative timing of neurogenesis, the structures sometimes termed "layer VIb" in the rodent compared to the cat or monkey are not homologous, and the firstgenerated sets of neurons in these animals are dissimilar in their dispersal and laminar grouping, being widely distributed in the subcortical white matter in the cat and monkey and in a well-formed lamina in the rodent.
In this study, we will be interested in the disposition and fate of the first-generated neurons in the rodent cortex and will term them the subplate, as they are the earliest-generated neurons cogenerated with layer I. We have used the strategy of tracing a cohort of neurons identified by tritiated thymidine autoradiography to address the question of the developmental role of the subplate from a comparative perspective.
A preliminary report of these investigations has been made previously (Woo et al., 1990) .
Materials and Methods
This study is based on 13 hamsters bred from timed pregnancies in our animal colony. To standardize postnatal ages, only animals from litters born following a 15.5-16 d gestation period were used (gestation in the golden hamster is 16 d). The 24 hr following timed mating is E0 (embryonic day 0); the day of birth is PI (postnatal day 1).
Autoradiograpby
Pregnant hamsters were injected once intraperitoneally with 5 MCi/gm body weight of tritiated thymidine (specific activity, 20 Ci/mM; New England Nuclear) on E9 and E10 (corticogenesis in the hamster begins on E9 and lasts for a week until El6, the day of birth). Pilot studies showed that injection of tritiated thymidine on both E9 and E10 labeled subplate zone and layer I, but that E10 label was the heaviest. The overall laminar locations of the populations labeled on both days were similar. With E10 injections, a moderate population in layer VI, and a large population in the lateral geniculate nucleus (LGN), are also labeled, which was useful for the analysis presented here. We thus present a qualitative description of E9 labeling to justify this choice, and a quantitative analysis of neurons labeled by E10 injections.
Pups were perfused transcardially with Perfix (Fisher) on P4 and P5 (before the normally occurring cell death period in the cortex; Finlay and Slattery, 1983) , P6, P10 (during the normally occurring cell death period), or at adulthood (at least 3 months of age). Brains were postfixed, dehydrated, embedded in paraffin, and sectioned at 10 /im. Sections were mounted, dipped in Kodak NTB-2, and stored at 4-7°C in the dark for 4-8 weeks. They were then developed with Kodak D-19 and counterstained with cresyl violet.
Quantitative Analysis

Autoradiographic Tracing of a Cohort of Labeled Subplate Cells
For this analysis, the intent was to describe the relative survivorship of labeled cells in the subplate compared to two "reference" populations, one in layer VI and the other in the lateral geniculate nucleus. This method allows us to avoid the problems of absolute quantification of numbers of autoradiographically labeled cells at different maturational states and cell sizes (Clark et al., 1990 ) but enables us only to infer the actual amount of cell loss. For each brain, we chose three approximately equally spaced coronal sections from frontal, parietal, and occipital cortices, respectively. After doing a grain count distribution for each section, we counted the number of heavily labeled neurons (defined as neurons with more than 40% of maximum label) within a fixed area in the subplate and layer VI with the aid of a computer-assisted camera lucida system. We also counted labeled neurons in the LGN in three equally spaced sections. In order to compare relative labeling across ages, subplate (SP) and layer VI (VI) counts were converted into ratio scores for each section using the following formula:
SP:VI ratio score = log[(SP/VI,)/q, where SP,/VI,is the amount of subplate label divided by layer VI label for each section. All values were divided by a constant (C), where C = SP P4 /VI P4 ; this value is the mean SP:VI ratio at P4 (before the normal cell death period in the cortex). Dividing by this constant fixes a meaningful zero point, allowing subsequent values to vary relative to this point. Thus, the proportion of cell loss in the subplate is plotted as a function of the SP:VI ratio at P4. Since the properties of interest are ratios, all values were then converted to a logarithmic scale. Similar ratios were computed for SP/LGN comparison.
Total Subplate Cell Number Analysis
Since the subplate appears to be reasonably identifiable by the same criteria at all ages we examined ( Fig. 1) , we also estimated the total number of cells in the structure from neonates to adults. Mean cell density of the subplate was computed, using the same sections used in ratio analysis, by dividing absolute cell number of the subplate and layer VI by the corresponding area. Counting error and split cell error were corrected for by applying the Floderus modification of the Abercrombie (1946) correction.
Volume of the subplate and layer VI in each brain was computed by measuring the area of the subplate and layer VI in five equally spaced coronal sections through the extent of cortex and subplate and using Calvalieri's estimator of volume from those areas (as cited in Rosen and Harry, 1990): where d is the distance between analyzed sections, y, is the cross-sectional area of the fth section, t is section thickness, and y m3I is the maximum value of y. Multiplication of cell density and volume gives total cell number of the subplate and layer VI for each brain.
Results
Qualitative Observations
The subplate is a clearly identifiable layer at all ages we examined (Fig. 1) . Injection of tritiated thymidine on ElO heavily labeled subplate and layer I neurons as well as a proportion of layer VI neurons (Fig. 2) ; E9 injections labeled a similar set of neurons (Fig. 2) except that fewer layer VI neurons were labeled. Heaviest-labeled cells, besides those that are located in layer I, are clustered in a specific lamina under the cortical plate. However, labeled neurons in the subplate are less numerous in the E9 than in the ElO cortex (Fig. 3A,B) . There are also very few, if any, labeled neurons in the interstitial white matter in either the E9 or ElO animals.
In Figure 3 , B and C, the distribution of ElO-labeled neurons summed over three equally spaced sections comparing a P4 animal with an adult animal is plotted. A pronounced decrease in density of labeled cells in the subplate and layer I is apparent. However, a fairly large number of labeled cells persist in the subplate, which can still be distinguished clearly as a two-to three-cell-thick layer beneath layer VI (Fig. 2) . The number of labeled cells in layer VI, by comparison, is not noticeably altered. Occasional labeled cells can be seen in layers II-V, and they seem to be more numerous in adults than in the P4 animal.
Besides the decrease in cell density in the subplate, the same phenomenon can be observed in layer I (Fig. 3) . A relatively large number of labeled cells can be seen in neonatal brains when compared to adult brains in which very few labeled cells could be found. Although we did not quantify the amount of cell loss in this layer, based on our observations, our impression is that it is as much as or greater than the subplate. Comparing Figure 3 , A and B, there are fewer labeled subplate neurons in the E9 animal, but labeling in layer I is comparable, suggesting an outside-in pattern of generation of primordial plexiform layer neurons (Bayer and Altman, 1990) .
Cell Loss in the Subplate Relative to Layer VI and LGN
We compared the changing proportions over development of labeled cells of the subplate with those of layer VI and the LGN as shown in Figure 4 , with the P4 proportion set to 1. Compared to both layer VI and the LGN, there are relatively fewer labeled cells in the subplate beginning on P6. At P6, there is a relatively large variation that might correspond to the onset of cell death in this population. By adulthood, the proportion of labeled cells in the subplate compared to that in the LGN and cortex is a quarter of its original value.
Since this is a relative measure, interpretation of this result depends on the amount of normal cell loss in the LGN and layer VI. According to a previous study in this laboratory, the amount of cell death in the LGN in the hamster is small, about 15-20% (Finlay et al., 1986) . Absolute cell loss in layer VI is also quite small (see below; see also Heumann et al., 1977; Heumann and Leuba, 1983; Finlay and Slattery, 1983; Ferrer et al., 1990) . Ignoring for the moment other factors that could influence this measure, from this information, the cell loss in the subplate is thus 60-80% of its original population.
Absolute Numbers of Cells in the Subplate and Layer VI
The density x volume analysis of changing cell number in the subplate and layer VI is presented in Figure Hgure 5. There is a highly significant cell loss from P4-5 to adulthood in the subplate of 49.73% of the original cell complement (df = 5; t= 4.405;p < O.OO5). Cell number in layer VI is reduced by 11.81%, which is statistically insignificant. This measure is of course subject to a number of possible confounds, the most notable of which is the assumption that laminar boundaries are the same and equally recognizable in the neonatal and adult brain. The confounds are, however, different from those that could affect the ratio analysis of cell loss, and the two measures together indicate a cell loss rate in the subplate in the 50-80% range.
Discussion
Basic Findings
In this study, using two different quantitative measures, we have shown that 50-80% of subplate cell loss occurs between P4 and adulthood in the hamster. The remaining population of neurons, instead of scattering in the white matter as in the cat, monkey, and human, form an intact layer in adult hamsters, showing substantial species differences in terms of survival and final dispersal of subplate neurons.
Completeness of Cell Death Assessment
We chose P4 as the likely day of maximal cell number . in the subplate, based on our knowledge of corticogenesis, neuronal migration, and developmental timing of thalamic afferent connections. Corticdgenesis in the hamster occurs from E9 to P2, while layer IV neurons are generated mostly on E14 (Woo and Finlay, 1991) A relatively large number of layer VI neurons were also labeled (but less heavily). C. Compared to the P4 conex, a pronounced decrease in labeled cell density in the subplate and layer I is noticed. However, a fairly large number of labeled neurons persist in the subplate. Also notice that compared to layer I and the subplate, there is no significant change in the amount of label in layer VI.
axons grow through the subplate from E14 to P3 (Miller, 1991) and reach layer IV on about P4 (Naegele et al., 1988; Miller, 1991) . Given that in the cat subplate neurons remain until after birth when thalamic invasion of the cortex has begun (Luskin and Shatz, 1985a,b; Shatz and Luskin, 1986 ) and that they possibly function as temporary targets for thalamocortical axons (Friauf et al., 1990) , we think that subplate cell death in the hamster before thalamic invasion (i.e., P4) is unlikely. Also, no pyknotic cells can be found in the subplate in P2-4 animals ( Fig. 1) . It thus seems reasonably likely that P4 is the age of maximal cell number in the subplate and thus the comparison between P4 and adult cortices estimates the actual amount of cell death in this layer.
Interpretation of the Two Cell Number Measures
Any single assessment of neuron number in developing populations of cells with possibly malleable boundaries and ongoing cell generation, migration, and death will be subject to interpretative problems. For this reason, we have chosen two relatively independent assessments of subplate survival to provide some greater certainty of the range of error in our estimate. We first traced the changes of the subpopulations of subplate, layer VI, and lateral geniculate cells labeled by tritiated thymidine on EIO, looking at cortical columns of equivalent widths, matched to the corresponding changes in the geniculate. Because of the volumetric "dilution" of the apparent density of labeled cells, it is impossible to compare absolute label in the same tissue volume from neonate to adult to document cell loss. Casual comparison between differential labeling in different developmental stages (as in Fig. 4) can only show the laminar distributions of labeled neurons and a general indication of the possibility of cell loss. Comparison to a population of neurons of known cell death incidence provides us a more accurate assessment of the actual amount of cell loss. Since all labeled cells are plotted, obvious translocations of cell populations could be detected (Fig. 3) . This measure is also unaffected by cell identification problems, or migrating cells. However, since the labeled cells are a subpopulation of these laminae, if there is unusual survivorship in very early-or late-generated populations, we would not detect it. This measure is only a relative, not absolute, indication of cell survival, due to the problems of quantification of autoradiographic material of this type. We can be relatively certain of the amount of cell loss in the two reference populations, layer VI and the LGN. Layer VI has been the subject of several studies in this laboratory and others, and a variety of indices 
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Pt n=5 AGE P10 n=2 ADULT n=3 Figure 4 . A Cell loss in the subplate as compared with layer VI. Initial ratio of 1 was set at P4 (before the normally occurring cell death period in the cortex). Cell loss begins approximately at P6, and by adulthood it is four times the cell loss of layer VI. The relatively large variability at P6 is probably due to the different timing of onset of cell death in different animals or in different cortical areas. B. The same comparison was done with the LGN. Again, a large variability at P6 can be noticed. By adulthood, cell loss in the subplate is four times that in the LGN. From both graphs, cell death in the subplate seems to be more extensive compared to the two reference structures in terms of both amount and duration.
including pyknotic cells (Finlay and Slattery, 1983; Ferrer et al., 1990 ) and cell counts (Heumann et al., 1977; Heumann and Leuba, 1983; Kane et al., 1984;  this study) indicate that natural cell death in this area is negligible. In the LGN, several studies have shown that cell loss is present, but low (Heumann and Rabinowicz, 1980; Finlay et al., 1986; Williams and Rakic, 1988, in primates) .
In the second assessment, we estimated the number of the entire cell population of the subplate and layer VI, using well-accepted morphometric techniques (for an excellent review of the relative advantages and disadvantages of various morphometric techniques as applied to the developing cortex, see Rosen and Harry, 1990) . The principal difficulty with this type of assessment is that stability and identifiability of laminar boundaries over development must be assumed. While not implausible in this case (Fig.  1) , it is certainly not demonstrable from inspection of the material alone. Other more minor, but perhaps not negligible, problems include the presence of a migrating cell population in the subplate and layer VI in the neonatal animals, and the problem of misclassification of immature neurons as glia.
With these qualifications, the estimate that cell loss in the subplate in the hamster is 50-80% seems rea- sonable and corresponds to the qualitative impression of a substantial, but not total, reduction of this cell population. We have implied so far that the mechanism of subplate cell loss is cell death and some other mechanisms like cell migration or respecification. Inspection of the autoradiographic material can for the most part rule out both of these possibilities (although we cannot rule out from this material the possibility of the translocation of some of these cell bodies to layers II-IV; Fig. 3 ). Indications of cell death, including pyknotic cells (Ferrer et al., 1990) and Alz-50 immunoreactivity (Al-Ghoul and Miller, 1989) are prominent in the rodent subplate after neuronal migration to the cortex. Therefore, all evidence indicates that cell death is the reason for the disappearance of subplate cells in this and other species. Ferrer et al. (1990) reported that a conspicuous population of subplate neurons is still present in the adult white matter. However, we observed only very few, if any, labeled neurons in either the interstitial zone in the neonatal brains or the white matter in the adult brains. Instead, the surviving subplate neurons form an intact layer directly beneath layer VI.
Cell death incidences in the 50-80% range are unremarkable in the developing nervous system-this same incidence is characteristic of spinal cord motorneurons (50% cell loss; Oppenheim, 1981a,b) and retinal ganglion cells (up to 80% cell loss; Pallas et al., 1988) , for example. This fact suggests that a profitable interpretative strategy might be to characterize rodent subplate cell loss in terms of the kinds of developmental functions normally ascribed to cell death, that is, population matching and error correction of a variety of types, and then to understand the exacerbated loss seen in larger brains in this context, as described below.
Layer I
Besides cell loss in the subplate, we also noticed reduction of the number of labeled cells in layer I. It has been shown in the rat that some of the earliestgenerated cells correspond to layer I cells (Raedler and Raedler, 1978) . Furthermore, they resemble Cajal-Retzius cells morphologically (Parnavelas and Edmunds, 1983) . In accordance with these previous studies in the rodent and the study by Luskin and Shatz (1985a,b) in the cat, we believe that at least some of the labeled cells in layer I in our study are Cajal-Retzius cells. There has long been a controversy concerning the fate of Cajal-Retzius cells during development-whether they persist into adulthood (Marin-Padilla and Marin-Padilla, 1982; Marin-Padilla, 1984 , 1990 , transform into nonpyramidal neurons (Parnavelas and Edmunds, 1983) , or die (Parnavelas and Edmunds, 1983; Luskin and Shatz, 1985a; Derer and Derer, 1990) . Our results suggest partial death of this population. There are also a small number of GABA-positive small neurons that may also be reduced in number.
Comparative Differences in Subplate Organization
In development, the subplate in cats, monkeys, and humans has two components: (1) the upper subplate, a lamina of cells just under the cortical plate, and (2) the massive lower subplate in the interstitial white matter. In rodents, all subplate cells are located in an identifiable lamina under the cortical plate with few cells in the white matter. Adult surviving rodent subplate neurons remain as an intact layer beneath layer VI, unlike in the cat, monkey, and human, in which survivors are interstitial neurons scattered in the white matter (Kostovic and Rakic, 1980,1990; Facal-Valverede, 1987, 1988; Chun and Shatz, 1989) . The subplate in the hamster could correspond to the upper subplate in the cat (Luskin and Shatz, 1985a,b) ; it is also possible, because of the extremely rapid generation of neurons in the hamster, that we cannot tell upper and lower subplate apart. The subplate in the rodent is much thinner than its counterpart in the cat, monkey, and human. As shown in Figure 1 , a cellsparse fibrous layer between layer VI and the subplate can be seen at all ages. It has been reported that thalamocortical, corticocortical, callosal, and monoaminergic fibers travel within this layer (Crandall and Caviness, 1984; Reep and Goodwin, 1988) . A similar structure is not observed in the cat.
In the rodent, the functional significance and connection patterns of this layer of neurons are poorly understood. It has been proposed that they contribute to intrinsic cortical circuits (Kristt, 1979; Tombol, 1984) . A previous study has shown 'hat this layer of cells in the rodent sends and receives corticocortical projections (Reep and Goodwin, 1988) . Another recent study (Burkhalter and Charles, 1990) showed by using HRP that a layer of cells at the very bottom of the rat cortex sent corticocortical and also corticothalamic projections. Unfortunately, the authors did not specifically identify that layer of neurons. It would be very informative if this layer is in fact the subplate. However, it has been shown that injection of HRP into the thalamus labels some layer VIb neurons (Tombol, 1984) . Given that some neurons in the white matter in the monkey do send projections to the thalamus (Lund et al., 1975) , it is conceivable that subplate neurons in the rodent might act similarly.
It has been shown that the subplate is a very heterogeneous layer of neurons. Several different cell types including inverted pyramidal, pyramidal, multipolar, and horizontal cells have been observed by Golgi impregnation (Kostovic and Rakic, 1980; Tombol, 1984; Mrzljak et al., 1988; Valverde and FacalValverde, 1988; Valverde et al., 1989) . Postnatal transformation of bipolar neurons into pyramidal neurons in the rat has been suggested by Valverde et al. (1989) • Subplate neurons also express different kinds of neuropeptides or neurotransmitters, including GABA, neuropeptide Y (NPY), somatostatin (SRIF), and cholecystokinin (CCK) (Chun and Shatz, 1989; Chun et al., 1987; Eadie et al., 1987; Huntley et al., 1988; Naus et al., 1988; Van Eden et al., 1989; Uylings and Van Eden, 1990) . Given the heterogeneity of this layer of neurons, one might assume, as suggested by Shatz et al. (1988) , that there are different subsets of subplate neurons subserving different functions. However, most of the above conclusions are drawn from studies on cats, monkeys, or humans, and there is no information about species differences in this constellation of properties. Studying the possible species differences of functional subsets of subplate neurons will shed light on the mechanisms of differential survival of these neurons in different species.
Tbe Developmental Function of the Subplate
It has been proposed that subplate neurons have several developmental functions. First, given that they are the earliest-generated neurons, they may function as pioneer neurons (Goodman et al., 1984) that lay down pathways when distances to be transversed are minimal so that other corticocortical or corticofugal (e.g., corticothalamic) fibers can follow them during development (Shatz et al., 1988; McConnell et al., 1989) . Alternatively, they maybe crucial in target recognition for thalamocortical axons as shown by Ghosh et al. (1990) , who ablated the subplate and observed that the geniculocortical axons grew past the visual cortex as if they did not recognize their targets. Third, they may function as a transient synaptic link and functional relay between the thalamocortical axons and their ultimate targets, that is, layer IV neurons, during the waiting period (Friauf et al., 1990 along with layer I, subplate neurons might provide a certain kind of morphogenetic framework (Marin-Padilla, 1971 Shatzetal., 1988; Bayer and Altman, 1990) influencing the development of cortical plate neurons.
The work presented here allows us to comment on one of these possibilities and suggest some future directions. In the rodent, there is no "waiting period" (Catalano and Killackey, 1990; Reinoso and O'Leary, 1990 )-although the generation of the thalamus antedates the generation of their target layer IV cortical neurons; the outgrowth of thalamocortical axons through the internal capsule, interstitial white matter, and cortex is a smooth and continuous process, with thalamocortical axons arriving in the cortical plate at the approximate time that layer IV neurons reach it (B. M. Miller, L. Chou, and B. L. Finlay, unpublished observations) . Therefore, the death of subplate neurons cannot be linked to a transitory function of service as functional relay neurons in rodents. However, the excessive death of subplate neurons in large brains might be due to the increasing prominence or selection of the subplate for this function.
The role of thalamocortical afferents in early trophic support of the subplate and layer IV, and their interrelationship, can be investigated to better develop this hypothesis. In fact, NGF has been shown to exist in the subplate (Allendoerfer et al., 1990) . Perhaps layer IV neurons and subplate neurons compete for thalamocortical innervation, a competition normally won by layer IV neurons, resulting in the loss of connections of the subplate neurons and their death. If layer IV neurons could be removed, we might expect to be able to rescue some of the subplate neurons that would normally have died. Experiments are being performed to test this hypothesis.
In every mammal that has been examined so far, there are still a number of surviving subplate neurons, either scattering in the white matter as interstitial neurons or forming a layer beneath layer VI. What is the identity, in terms of neurotransmitters or connectional anatomy, of the cells that survive versus the ones that die? The heterogeneity of neurotransmitters, morphologies, migration strategies, and survival in this population suggests we should try to establish links between these features of cell identity and developmental function.
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